). This is undesirable as operators may under-utilize reliable aids when they are paired with unreliable aids. Two variables derived from Gestalt psychology's law of similarity were employed in an attempt to overcome this effect: gauge shape congruence and operator knowledge of the aids' reliability. Results indicated that altering the gauge shapes had no effect on operator performance. However, providing aid reliability information to the operator did have a positive effect on operator performance. More specifically, operators reacted to alarms more quickly and reduced their false alarm rates; however, they did not improve their hit rates. Future work should be conducted to assess more fully the role of aid reliability information and Gestalt psychology as they relate to the system-wide trust strategy.
INTRODUCTION
Unmanned aerial vehicles (UAVs) are aircraft that are controlled from a remote location and are used in civil and military applications for reconnaissance, monitoring, search and rescue, logistics (e.g., communications and transport), and combat (Department of Homeland Security, 2004; Fulmer & Christensen, 2000) . Though some UAVs are completely autonomous, a vast majority of them rely on human operators for directional control, decision making, and systems monitoring (Fulmer & Christensen, 2000) .
Operators must rely on automation to help them overcome the complexity of these systems as they cannot safely and efficiently monitor and interact with these complex systems by themselves (Lee & See, 2004; . The different forms of automation can best be understood through a system of classification utilized by Parasuraman, Sheridan, & Wickens (2000) where automation is divided into four different categories that are derived from the general stages of human information processing. These stages are information acquisition, information analysis, decision selection, and action implementation. Diagnostic automation, a form of information analysis automation, can assist UAV operators by making them aware of when they should pay attention to the system and to what particular component (Dixon & Wickens, 2006; Parasuraman et al., 2000; Rice, 2009) . Most automation systems utilize each of these categories of automation to some degree and can do so at varying levels (Parasuraman et al., 2000) .
A primary drawback of automation systems is that they are frequently not perfectly reliable or accurate, largely resulting from the use of imperfect information that is often in constant flux (Dixon, Wickens, & McCarley, 2007; Keller & Rice, 2010; Rice, 2009; . As a result, automation can fault in two ways: misses and false alarms Rice, 2009) .
When the automation is imperfect, operators are required to estimate how accurate and reliable the system is. This assessment by the operator, which can be defined as trust (Lee & See, 2004; Muir & Moray, 1996) , has also been shown to directly affect how much an operator depends upon an automation system (Lee & See, 2004; Rice, 2009 ). As such, it is important to understand operator trust and the factors that surround it. Muir and Moray (1996) were some of the first to observe that it might be possible that an operator's trust, or lack thereof, in a component of a system might spread to another component. However, little research has been conducted to assess how operators interact with both perfect and imperfect automation systems simultaneously. Keller and Rice (2010) found that operators use the system-wide trust strategy when they are simultaneously presented with aids of varying reliability. More specifically, the operators will treat the aids as one system, blend their trust across this system, and treat all of the aids in the same manner. Consequently, they treat perfectly reliable aids as unreliable simply because they are presented to operators alongside unreliable aids. This results in under-utilization of the perfect aids and a decrement in overall performance. As such, it is important to determine what can be done to reduce the operators' employment of the system-wide trust strategy so that participants are able to utilize multiple aids while still properly attuning to the reliability of the individual components. This refers to the Component-Specific Trust strategy (Keller & Rice, 2010) .
Gestalt psychology may be useful in discerning factors that might encourage operators to utilize the componentspecific trust strategy. Gestalt psychology is primarily focused on perception (Rock & Palmer, 1990 ) though its influence is widespread and lasting (Sharps & Wertheimer, 2000) . Gestalt psychology posits that people are born with the innate ability to interpret the world around them by perceiving patterns, structure, and meaning in the simple sensory elements they are provided with (Lefton & Brannon, 2006; Zimbardo, Johnson, & Weber, 2006) to form perceptual wholes or gestalts (Zimbardo et al., 2006) . A central tenet behind Gestalt theory is that these formed wholes generate emergent features that are beyond the simple summation of their individual sensory parts (Lefton & Brannon, 2006; Rock & Palmer, 1990) .
The law of similarity, a Gestalt law of perceptual grouping, states that people tend to group elements that are similar (e.g., shape, color, size, sound) to each other into a gestalt (Lefton & Brannon, 2006; Zimbardo et al., 2006) . Recent research on information displays further supports the idea that the law of similarity relates to operator perception and performance (Wickens & Carswell, 1995) . One possibility is that the paradigm utilized in previous dual-aid experiments Keller & Rice, 2010; , which employed gauges of identical size, shape, color, and operation, caused participants to perceive these two gauges as a collective unit (or gestalt) and acted appropriately. Consequently, research is needed to determine if dissolving this gestalt would promote increased use of a componentspecific trust strategy. attempted to encourage the use of the component-specific trust strategy by replicating Keller and Rice's (2010) experiment with an additional experimental variable. They provided participants with information about the reliability of the aids prior to the experimental trials. This action served to decrease participants' use of the system-wide strategy but not completely. One interpretation of these results is that the additional information encouraged participants to perceive the two gauges as separate gestalts and resulted in improved performance. In an effort to encourage participants to perceive the aids as separate gestalts and fully attune to the reliability of the individual aids (i.e., component-specific trust), this experiment reduced the visible similarity between the previously identical gauges as well as provided reliability information to the participants. METHOD This experiment was designed to replicate the experimental paradigm utilized by Keller and Rice (2010) . Two factors were studied to assess their effect on the operators' use of the component-specific and system-wide trust strategies: gauge shape congruence and participant knowledge of the reliability of the individual aids. Onehundred and seventeen participants were recruited from undergraduate courses at a local university. The average participant was 20 years old (range of 18 -52), right-handed (89.7%), female (63.2%), and Caucasian (47.9%, Hispanic 41.9%, Asian 2.6%, African-American 2.6%). Participants monitored two independently operating gauges while performing a simulated UAV tracking task (see Figure 1) . The monitoring task consisted of participants monitoring two gauges, which varied in shape, for system failures. Each gauge had 10 black numbers, 0 to 9, displayed sequentially clockwise around the circle and vertically next to the rectangle (see Figure 2 ). Each number represented units of 1000. Inside of each gauge was a red line indicating the current value of that gauge, with the circular gauge line acting similar to a clock's needle and the horizontal gauge line acting similar to a thermometer's temperature meter. Above each gauge were two boxes with numerical values. The number in the left box indicated the central value for a safe system while the number in the right box indicated the range of the safe zone for the system. A system failure occurred if the needles went out of their respective safety ranges. Twenty system failures were randomly ordered within the 100 trials and across the gauges. Each trial lasted 30 seconds each. System failures only occurred in one gauge at a time, and only one system failure, when appropriate, occurred during each trial. If the participant believed that a system failure had occurred, they were instructed to press the appropriate button on the joystick as soon as possible. At the end of each trial, participants were informed if their selected response, or lack thereof, was appropriate (with a green border flash) or inappropriate (with a red border flash).
Auditory-based automation aids were paired with each gauge to make the operator aware when system failures occurred. The aids were either both perfectly reliable (100%) or varied in their reliability, with one being fairly unreliable (70%) and the other being perfectly reliable (100%). The 100% aids made 80 correct rejections, 20 hits, and 0 false alarms while the 70% aid made 50 correct rejections, 20 hits, and 30 false alarms.
Participants were asked to read and sign a consent form. They were then provided with extensive verbal instructions, provided with a demonstration of the system, and permitted to practice for a minimum of 20 trials. Participants were then introduced to the aids and, if appropriate, informed of the aids' reliability levels. Participants then completed 100 experimental trials and were then debriefed.
Two hypotheses were tested to determine the effects of these factors: a) participants presented with gauges of different shapes (Shape Incongruent) will utilize the systemwide trust strategy less than participants that were presented with gauges of the same shape (Shape Congruent) and b) participants provided with information about the reliability of their automation aids (Reliability Information) will utilize the system-wide trust strategy less than participants who were not given this information (No Reliability Information).
Experimental Design. The design consisted of a 2 x 2 x 2 x 2 mixed factorial design. All factors were counterbalanced within the design and across the gauges when appropriate. 1) Shape Congruency (Between-Participant) . Shape Congruency consisted of two conditions: one condition in which participants were presented with two circular gauges of similar appearance and operation (Shape Congruent) and another in which participants were presented with one circular gauge and one rectangular gauge (Shape Incongruent). 2) Reliability Information (Between-Participant) . Reliability Information consisted of one condition in which participants were not provided with information regarding the reliability of the gauges' aids (No Reliability Information) and another in which participants were explicitly provided with information regarding the reliability of the gauges' aids (Reliability Information) before beginning their experimental trials. 3) Gauge (Within-Participant) . This factor was included for the purposes of analyses. Participants were provided with two gauges: one paired with a potentially imperfect aid (70% or 100%) labeled Gauge 1 and one paired with a perfect aid (100%) labeled Gauge 2. The position of these gauges (left versus right) was randomly pre-determined for each participant. 4) Reliability (Between-Participant) . This factor was included for the purposes of analyses. The Gauge 1 potentially imperfect aid was either 70% or 100% reliable, and the Gauge 2 perfect aid was consistently 100% reliable. This resulted in two levels of Reliability: (a) 70/100 -one gauge was paired with an imperfect aid (70% reliable) while the other was paired with a perfect aid (100% reliable) and (b) 100/100 -both gauges were paired with perfect aids (both 100% reliable). RESULTS Separate four-way Analyses of Variance (ANOVAs) using Shape Congruency, Reliability Information, Gauge, and Reliability as the independent variables were conducted on each primary dependent measure to assess the effects of the experimental conditions on operator behavior and the experimental hypotheses. When appropriate, these analyses were followed by planned comparisons.
Three dependent measures were used to determine if Shape Congruency and Reliability Information encouraged participants to utilize the component-specific trust strategy: hit agreement rate, sensitivity (d'), and reaction time. Hit agreement rate is a measure of dependence and was computed for each participant by dividing the number of times the participant agreed with an automation hit by the total number of times that the automation provided a hit. Higher hit agreement rates indicate higher levels of trust. Sensitivity (d') is a signal detection theory measure used to indicate accuracy. In this experiment, d' is a measure of system failure detectability. Higher d' scores indicate that a signal is more easily detected. Given that participants had to rely on the automation to succeed at the demanding monitoring and tracking tasks, improvements in signal detection were assumed to indicate higher levels of trust. Reaction time reflects the average amount of time from when a system failure and alarm occurred to when the participant 'responded' (i.e., pressed a button on the joystick). Faster reaction times were considered to indicate higher trust levels.
General System-Wide Trust Levels. Before analyses could be conducted to determine whether differently shaped gauges and information about the reliability of the gauges decreased system-wide trust, it was necessary to establish that systemwide trust occurred in the first place. To this end, results from the four-way mixed ANOVAs using Shape Congruency, Reliability Information, Gauge, and Reliability on the hit agreement rate data, d' data, and reaction time data were utilized to determine if system-wide trust was present in the general data of the experimental paradigm. Planned comparisons stemming from these analyses were also conducted. For the purposes of brevity, these analyses will not be presented in this paper.
The hit agreement rate, d', and reaction time results concerning participants' behavior when presented with two gauges and their associated aids provided consistent results. Participants exhibited system-wide trust in the general data set. Having clear evidence of this, further analyses could assess whether differently shaped gauges and reliability information would cause a reduction in the participants' use of the system-wide trust strategy.
Hypothesis A (Shape Congruency). Results from the same four-way mixed ANOVAs were used to determine if participants presented with incongruent gauges utilized the system-wide trust strategy less than participants that were presented with congruent gauges. The hit agreement rate, d', and reaction time results firmly indicated that participants' use of the system-wide trust strategy did not vary as a result of gauge shape alteration, providing consistent support against Hypothesis A.
Hypothesis B (Reliability Information).
Results from the same four-way mixed ANOVAs were used to determine if participants provided with information about the reliability of their automation aids utilized the system-wide trust strategy less than participants who were not provided with this information. The four-way mixed ANOVA on the hit agreement rate data did not reveal a significant main effect of Reliability Information or interaction effects between Reliability Information, Gauge, or Reliability. These hit agreement rate findings indicate that Reliability Information did not have an effect on participants' system-wide trust behaviors and provides support against Hypothesis B.
The four-way mixed ANOVA on the d' data did not reveal a significant main effect of Reliability Information. However, there were interaction effects between Reliability Information, Gauge, and Reliability F(1, 106) = 7.208, p < .01, η p 2 = .064. Two planned comparisons were conducted to explore this three-way interaction. The d' data from the 70/100 Gauge 2 (perfect aid) was found to be significantly lower than the d' data from the 100/100 Gauge 2 (perfect aid) when no reliability information was provided to the participants t(54) = -3.889, p < .001. This difference indicates that when not informed of their aids' reliability levels, participants' d' data for a perfect aid declined significantly when presented alongside an imperfect aid. The d' data from the 70/100 Gauge 2 (perfect aid) was found to not be significantly different than the d' data from the 100/100 Gauge 2 (perfect aid) when reliability information was provided to the participants t(56) = 0.577, p > .05. This indicates that when informed of their aids' reliability levels, participants' d' data for a perfect aid were at an ideal level even when presented alongside an imperfect aid. Together, these findings suggest that participants who were provided with aid reliability information were able to attune to the actual reliability of the aids (i.e., component-specific trust) and provides support for Hypothesis B.
The four-way mixed ANOVA on the reaction time data revealed a significant main effect of Reliability Information F(1, 106) = 15.491, p < .001, η p 2 = .128 and interaction effects between Reliability Information, Gauge, and Reliability F(1, 106) = 15.297, p < .001, η p 2 = .126. Two planned comparisons were conducted to explore this threeway interaction. The reaction time data from the 70/100 Gauge 2 (perfect aid) was found to be significantly lower than the reaction time data from the 100/100 Gauge 2 (perfect aid) when no reliability information was provided to the participants t(54) = 3.035, p < .01. This difference indicates that when not informed of their aids' reliability levels, participants' reaction time data for a perfect aid declined significantly when presented alongside an imperfect aid. The reaction time data from the 70/100 Gauge 2 (perfect aid) was found to not be significantly different than the reaction time data from the 100/100 Gauge 2 (perfect aid) when reliability information was provided to the participants t(56) = 0.833, p > .05. This indicates that when informed of their aids' reliability levels, participants' reaction times for a perfect aid were at an ideal level even when presented alongside an imperfect aid. Together, these findings suggest that participants who were provided with aid reliability information were able to attune to the actual reliability of the aids (i.e., component-specific trust) and provides support for Hypothesis B.
Both the d' and reaction time data indicated that providing information to participants enabled them to perceive the aids as different. These results are in contrast to the hit agreement rate data, which indicated that participants' trust strategies did not vary as a result of Reliability Information. Why the results for these primary measures deviate from one another is interesting given that they are all measuring different aspects of the same behavior, the button press. One possibility is that these differences arise from the unique data sets that these measures are calculated from. The source of the reaction time data is completely unrelated to d' and hit agreement rate. However, d' was calculated using participant hit and false alarm rate data. Normally this participant hit rate data varies from the hit agreement rate but given that the system had a perfect hit rate the two were the same. This indicates that the variance between these two measures stems from the participants' false alarm rate data.
Exploratory analyses were conducted to determine if Reliability Information had an effect on participant false alarm rates. The false alarm rate data from the 70/100 Gauge 2 (perfect aid) was found to be significantly higher than the reaction time data from the 100/100 Gauge 2 (perfect aid) when no reliability information was provided to the participants t(54) = 3.220, p < .05. This difference indicates that when not informed of their aids' reliability levels, participants' false alarm rates for a perfect aid increased significantly when presented alongside an imperfect aid. The false alarm data rate data from the 70/100 Gauge 2 (perfect aid) was found to not be significantly different than the false alarm rate data from the 100/100 Gauge 2 (perfect aid) when reliability information was provided to the participants t(56) = -1.743, p > .05. This indicates that when informed of their aids' reliability levels, participants' false alarm rates for a perfect aid were at an ideal level even when presented alongside an imperfect aid. Together, these findings indicate that the improvements in d' when reliability information was present resulted from the improvements in the participants' false alarm rate data.
In summary, the Reliability Information-related findings indicate a moderate degree of support for Hypothesis B. More specifically, the reaction time and d' data indicated that providing information to participants enabled them to utilize the component-specific trust strategy. In contrast to these results, the hit agreement rate data indicated that participants utilized the system-wide trust strategy even when provided with reliability information. This finding was interesting given that the hit agreement rate data was utilized to compute d'. Exploratory analyses revealed that variation in the other data utilized to compute d', namely the false alarm rate, caused the improvements in d'. DISCUSSION This study tested whether two different manipulations reduced operators' system-wide trust: using differently shaped gauges and providing information about the reliability of the automation aids. There was no support for Hypothesis A. Operators who interacted with differently shaped gauges did not differ from those who interacted with similarly shaped gauges on any of the dependent variables (i.e., hit rate agreement, d', and reaction time). There are several potential explanations for these results. Perhaps participants are already accustomed to utilizing dissimilar gauges or that altering the shapes of the gauges had no effect on participants' abilities to perceive them as separate gestalts. Alternatively, it is possible that the dissimilar gauges encouraged operators to perceive the gauges as separate gestalts, but this effect did not carry over to the aids. Future research should be conducted to better understand the interplay between the gauges and the aids that they are paired with.
In contrast to the Shape Congruence results, there was moderate support for Hypothesis B. Providing participants with reliability information improved their ability to utilize the perfect aid appropriately even when presented alongside an imperfect aid. However, this effect was limited to the d' and reaction time data. Providing reliability information did not have an effect on participants' hit agreement rates. Exploratory analyses conducted to determine the source of the discrepancy between the d' and hit agreement rate findings indicated that participants false alarm rates varied as a result of the aid reliability information.
The Effect of Gestalt Psychology. The general lack of effect of Shape Congruency on participant trust indicates that Gestalt psychology may not be effective in inducing component-specific trust. Nevertheless, as this research only examined the effect of a single Gestalt law on operator trust, this may have limited the potential effect that Gestalt psychology may have had. Beyond this, the lack of a consistent effect of Reliability Information on participant trust further suggests that Gestalt psychology may not have assisted participants in the manner that was initially theorized. As only two of the three measures of trust indicated improvement, this divergence is more likely the result of a process separate from Gestalt psychology. Given the broad and expansive nature of Gestalt psychology, it is very possible that Gestalt laws simply overlap with stimuli that directly affect the different aspects of participant's trust behaviors.
Future Research. There are three main areas that future research should consider. First, conducting experiments utilizing multiple Gestalt laws (e.g., similarity and proximity) might enable operators to fully improve their ability to depend on the perfect aid in a more appropriate manner and would allow for researchers to better determine the nature of Gestalt psychology's role in these processes. Second, the role of the aids must also be examined. The aids in this paradigm were invisible and only provided auditory alerts. The lack of visual stimuli may have made it more difficult for operators to perceive the aids as tangible objects that are separate from each other. Many real-world alerts are visual in nature, and providing visible aids to the operators may allow them to improve their perceptive capabilities. Likewise, replicating this paradigm utilizing multiple alert mechanisms (e.g., visual and auditory) for each aid may result in improved operator performance and enable operators to depend on the perfect aid in a more appropriate manner. Third, future research should also investigate the different aspects of participants' trust behaviors. Given that participant hits and false alarms were differentially affected by the same stimuli, research needs to be conducted to increase understanding of the underlying processes before participant trust can be optimized.
Limitations. There are two notable limitations of this study and its findings. First, the paradigm utilized in this study was not characteristic of real-world circumstances; the tasks were simple and few in number. The differences between this study and the real world should be considered when attempting to generalize these findings beyond the scope of this research. Second, the current study only utilized automation false alarms; misses did not occur. This limitation has been identified in previous studies (Keller & Rice, 2010) and further limits the generalizability of these findings.
Real-World Applicability. Like the research conducted before it, the results of this study indicate that designers should be cautious when creating systems when multiple aids are present. More specifically, presenting unreliable aids in close spatial proximity to reliable aids may cause participants to distrust the reliable aids. The findings in this study also suggest that providing as much information as possible to the operators regarding the reliability of these different aids will result in improved performance and use levels. CONCLUSION This study replicated the original findings of Keller and Rice (2010) in which participants utilized the system-wide trust strategy when presented with aids of unknown reliability. System-wide trust is problematic as operators under-utilize a reliable aid when paired with an unreliable one, resulting in a decrement in performance and efficiency.
The results were fairly straightforward. Altering the shapes of the gauges that the aids were paired with had no effect on operator performance. However, providing aid reliability information to the operator did have a positive, although limited, effect on operator performance. Participants trusted the aids more appropriately and were able to reduce their false alarms but not increase their hits. These findings indicate that providing aid reliability information to the participants encouraged them to improve their ability to appropriately trust a perfect aid when presented alongside an imperfect one.
The mixed findings for Reliability Information and the lack of effect of Shape Congruency suggests that the law of similarity may not be responsible for these improvements in participant trust behaviors. Future work should examine aid modality, the processes behind the exhibited trust behavior, and a wider variety of Gestalt laws to better determine the nature of Gestalt psychology's role in these processes.
